Mitochondrial citrate synthase was purified from leaves of Pisum sativum L. cv Progress 9. A three step purification was employed using ATP-Sepharose affinity chromatography which resulted in a 600-fold enrichment. Enzyme activity was assayed spectrophotometrically during greening of etiolated leaves under constant white light illumination. 
and grown in the greenhouse. Plants were harvested at 8 to 12 d for the protein purification experiments. Etiolated seedlings were germinated in vermiculite in a 20°C germinator for 8 d and then transferred to continuous white light (500 ,E/ m2/s) for sampling during greening.
Enzyme Assays and Protein Determination
Citrate synthase activity was determined following the method of Srere (18) . Absorbance at 412 nm was monitored with a Beckman DU-20 spectrophotometer. Protein concentration was determined following Bradford (4) using BSA as a standard in the range of 1 to 15 mg/mL.
The effects of light on chloroplast function and biogenesis has been the target of several studies, while studies addressing the light effects on plant mitochondria are few. Recent investigations have indicated that the mitochondrial respiratory electron transport chain (8, 21) as well as the tricarboxylic acid cycle (8, 19) are able to function in the light. During the greening of etiolated leaves, the development of functional chloroplasts is achieved (2) . In addition to the requirement for new protein synthesis, carbon fragments for amino acid and lipid biosynthesis are needed. The source of these fragments is unknown, but potentially could arise from the mitochondria. In this paper, we investigate the mitochondrial enzyme citrate synthase. Specifically, we will present results which concern the purification ofcitrate synthase from Pisum sativum L. (Progress 9), the production of citrate synthase antibodies, and the effects of light on the steady state levels and specific activity of this enzyme.
MATERIALS AND METHODS Plant Material
Pisum sativum L. cv Progress 9 seeds were purchased from the Burpee Seed Co., Warminster, PA. Following overnight imbibition in tap water, the seeds were sown in vermiculite 
Purification of Citrate Synthase
The purification steps were performed at 4°C using a modification of the method of Mukherjee and Srere (13) . Pea leaves (500-800 g) were harvested and frozen in liquid nitrogen. Frozen leaves were pulverized in a food processor and the resultant powder was added to 1 L of ice-cold extraction buffer ( Column fractions were assayed for citrate synthase activity and the appropriate fractions pooled and analyzed by SDSpolyacrylamide gel electrophoresis ( 12) .
Production of Antibodies
The column fractions containing the peak citrate synthase activity were run on preparative SDS gels (12) . The (b) dilutions of the mouse serum were added in volumes of 100 ,uL to each well and incubated at room temperature for 2 h; (c) unreacted antibody was removed by washing several times with TBS; (d) rabbit antimouse horse radish peroxidase (HRP) conjugated IgG (Jannssen Pharmaceuticals) was added at a dilution of 1:500 and incubated at room temperature for 2 h; (e) the wells were washed with TBS as described in (c); (f) color development proceeded for 15 min following the addition ofthe peroxidase substrate, 2,2'azino-di-3-ethyl benzthiazoline sulfonate (ABTS, 1 mM); and (g) the reaction was stopped by adding 50 uL of 6 N sulfuric acid. Color changes were read at 415 nm of a LKB ELISA meter.
Determination of Citrate Synthase Activity following Immunoprecipitation
Citrate synthase activity was assayed spectrophotometrically as described previously. Immunoprecipitation was performed as described in Westhoff and Zetsche (23), but SDS was omitted from the buffers. The resultant supernatant obtained following immunoprecipitation was utilized for the enzyme assay.
Isolation of Mitochondria
Mitochondria were isolated from 100 to 200 g of pea leaves following the methods of Bonner (3) as modified in White and Scandalios (24) . Following purification through discontinuous Percoll (Pharmacia) gradients, the mitochondria were solubilized in 1% SDS sample buffer and fractionated on polyacrylamide gels (12) .
Immunoblotting
Protein samples (crude extracts and purified mitochondrial proteins) were separated on 7.5 to 15% SDS polyacrylamide gradient gels using the buffer system of Laemmli (12) . Electrophoretic transfer of proteins to nitrocellulose filters followed the method of Towbin et al. (20) . The filters were incubated with TBS containing 2.5% defatted BSA for 30 min to block any nonspecific protein binding sites. Following incubation for 2 h at room temperature with 1:25 dilution of the mouse serum in TBS, the filters were washed in TBS and incubated overnight with a colloidal gold conjugated rabbit anti-mouse IgG solution (AuroProbe, Jannssen Pharmaceuticals) in TBS. The resultant signal (a red band) was enhanced by silver staining the filter as described by Danscher and Norgaard (7) .
Materials
ATP-Sepharose was purchased from Pharmacia. Oxaloacetate, Co A, and pig heart citrate synthase were purchased from Boehringer Mannheim Biochemicals, and all other chemicals from Sigma. Nitrocellulose was purchased from Sartorius. The reagents for the gold labeling immunodetection system (AuroProbe) and silver enhancement were purchased from Jannssen Pharmaceuticals, (Piscataway, NJ).
RESULTS

Purification of Citrate Synthase
A 600-fold purification of citrate synthase was obtained and is outlined stepwise in Table I . Graphical representation of the ATP affinity chromatography is presented in Figure 1 . Selected column fractions were analyzed by SDS-PAGE and stained with Coomassie blue (Fig. 2) . The arrow indicates the 50 kD polypeptide identified as citrate synthase. Preparative gels were run and the band corresponding to citrate synthase was excised and used for the production of antibodies.
Specificity of Citrate Synthase Antibodies
Three criteria were used to assess the specificity of the antiserum collected. Initially, the serum samples were examined by ELISA for above background activity indicating the presence of an immunological response. Positive (above preimmune) levels were detected approximately 5 weeks following the initial injection (data not shown). The serum was subsequently examined by immunoblot analysis using purified pig citrate synthase (Fig. 3) and purified mitochondrial proteins (Fig. 4) . The reduction of citrate synthase activity was assayed in samples following immunoprecipitation with the antiserum. Figure 5 illustrates the effect of increasing amounts of serum on the enzyme activity in the remaining supernatant. Preimmune serum had little effect and a maximum inhibition of48% was obtained with 20,uL ofantiserum.
Effects of Light on the Steady State Levels and Specific Activity of Citrate Synthase Protein samples were isolated from 8 d etiolated pea leaves as well as from leaves which were subsequently exposed to constant white light at 12 h intervals for 72 h. The samples were assayed for citrate synthase activity, which was observed to increase 1.4-fold with illumination (Table II) 
PURIFICATION AND CHARACTERIZATION OF CITRATE SYNTHASE
DISCUSSION
Eukaryotic citrate synthases are inhibited by ATP primarily through competition ofthe adenine moiety from each metabolite for the enzyme's active site (13, 16) . This is the basis for the purification of citrate synthase using ATP-Sepharose (13). Specific elution was obtained following the addition of both OAA and Co A at 100 gM. Both substrates are required and elution was not achieved with 10 ,M concentrations as reported previously (5) . The 50 kD polypeptide corresponding to citrate synthase has a protein concentration profile concomitant with the peak in enzyme activity. Additionally, plant citrate synthases have estimated Mr of 100 kD and are thought to be homodimers, making a 50 kD subunit in order (22) . The prominent 35 kD polypeptide coeluting with citrate synthase but with its peak occurring in the later fractions (i.e. lane 3, Fig. 2 ) is thought to be a form ofmalate dehydrogenase. Current reports indicate that a malate dehydrogenase monomer is 35 to 37 kD and is specifically eluted from an AMPSepharose affinity column with the addition of 100 Mm OAA (8) . Following this three-step isolation scheme, a 600-fold purification of citrate synthase is obtained.
The occurrence of mitochondrial respiration in photosyn- thesizing tissue has been debated. Traditional gas exchange experiments measuring CO2 efflux provide conflicting results indicating a range of TCA cycle activity from very low (8, 14, 21) to significant (11, 21) . Oxygen consumption measurements indicating that the mitochondrial electron transport chain is operational are complicated by the various oxygen consuming processes functioning during photosynthesis, including photorespiration and the Mehler reaction (9, 15) . Studies using Euglena report an increase in citrate synthase activity that is associated with greening cultures (5, 6, 10) . The data presented in this paper concur with their findings; however, the increase in activity continues throughout the 72 h period, whereas in Euglena the increase peaks and returns to previous levels within this time period. The 
